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PREFACE

The work described in this report was authorized under Task 1W762710A09506, Individual Protection
Studies. The work was begun in February 1975 and completed in May 1975.

Reproduction of this document in whole or in part is prohibited except with permission of the
Commander, Edgewood Arsenal, Attn: SAREA-TS-R, Aberdeen Proving Ground, Maryland 21010; however, DDC
and the Nationhl Technical li.ibrmation Service are authorized to reproduce this document for United States
Government purposes.

The use of trade names in this report does not constitute an official endorsement or approval of the use
of such commercial hardware or software. This report may not be cited for purposes of advertisement.
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A COMPUTER PROGRAM TO PREDICT ENERGY COST, RECTAL TEMPERATURE, AND

HEART RATE RESPONSE TO WOflK, CLOTHING, AND ENVIRONMENT

I. INTRODUCTION.

Over the years, Dr. Ralph F. Goldman and his many coworkers in the Military Ergonomics Laboratory
of tie US Army Research Institute of Emnironmental Medicine, Natick, Massachusetts, have developed a series of
predictlv, equations for body temperature and heart rate response to various environmental factors. As part of their
work, & computer program was developed for vise with the HP981CA programmable calculator. Since no single
reference in the open literature fully describes the mathematical basis and the computer usage, this publication will
attempt to fill this void.

Unless otherwise stated, all terminology, subscripted variables, and units follow the usage recommended
by the International System of Units (SI)' and the International Union of Physiological Sciences. 2

II, MATHEMATICAL BASIS.

A. . ieargy Cost

The total metabolic rate (M) can be determined 3 for any conditions of total mass (mt, kg), speed of
walking (v, m/s), % grade (G), and nature of terrain (q) so that

M = 1mt.[2 .7 + 3.2(v-0.7)1' 6 5 1 +G [0,23 + 0.29(v -0.7)](

At rest, a constant value of 105W is assumed, and for running, 3 a suggested adjustment for equation I is:

M(running) [M + 0.47(900-M)] (I + G/100) (2)

Otherwise, the total metabolic rate for various activities can be obtained from published tables.4

The total surface skin area A for a given human subject of weight (Wt, kg) and height (Ht, cm) is
calculated from the Du Bois formula5 as

A = (71.84 X 10"4 )Wt0 '4 25 Ht0 '7 2 5 , m2  (3)

B. Environmental Factors

The numerical values for the effective clothing insulation coefficient, clo, and the effective permeability
index ratio, im/clo, where im is the clothing permeability coefficient, are adjusted as a function of the air speed
corrected for movement of the wearer.6 The effective air speed can be estimated as:

Veff vair + 0.004 (M.- 105), m/s (4)

Preceding page blank



..... .. .... ... .. .....

The effective clothing insulation coefficient is

clo l o (veff)- (5)

anid the effective permeability index iatio is

i \ 'i
C IO d- " yl)' (6)

whetc -y is a velocity modi ,iel (sec Appendix C).

The required evaporative cooling Ere0, is the total heat load (metabolic rate minus external work) plus
the environmental heat load (i-adiation plus convection)

Ereq = Mnet + ER+C (7)

,.vhcrc

net M- 0.98mvG, W

ERLC -6-o- (Ta .- T), W (8)

clo'i •so that

6,47A
taeq = M -O.098mvG (Ta - TS), W (9)

where

"T ambient dry bulb temperature, C

a

TS =estimated equilibrium skin temperature, 0C

The maax ium evaporative capacity from the skin through the clothing and trapped air layers to the
envi,o•netttb' is expre,.sed as

1mx=(!4.2A)(-im *(4- 0zPw,), W (10)

j'i\*lo

where

44,t: the water (sweit) vapor pressure, in mm Hg, at a skin temperature of 36TC

percentage saturation of the ambient air (relative humidity)

saturated vapor pressure of water at ambient air temperature, mmi 1'.

6



Although values for P are tabularized :; a function of ambient temperature. Pw can be computed by 7 the relation

log 10 PC, x [a +bx +cx31(I
Pw T I + dx j

where

Pw =saturated vapor pressure of water at ambient air
temperature, in atmospheres (atm)

PC -- 218.167 atm

T = ambient temperature, 'K

= Ta + 273.16

= 647.27 - T

a =3.2437814

b = 5.86826 X 10-3

c = 1.1702379 X 10'8

t0 2.187846•2 X 10"3

over the temperature range from 10"1C to 150 0C.

C. Rectal Temperature Predcitive Equations.

The combined effect of mr'.abolic and environmental heat strcss on rectal temperature of acclimatized
men is evaluated 6 by the final equilibrium rectal temperature

Treft= 36.75 + Tre(M) + Trei +C) +Tre(E) (12)

Equation 12 is comprised of four components:

(1) basal metabolic rate temperature (36.75 0 C)

(2) added temperature due to metabolic load,

Tre(M) = 0.004 (NI O0.98mtv(;) °C (13)

(3) change (+ or -) in temperature due to radiation and convection of the environm.,nt.i ~(0014A•

(R+C) )(Ta- T) (14)

7



1) aidded teirnperaturc due to c% :tporatl In

rre(I:) 0.8 ex 10.OO4 7 (Elcq F,1 jax)i (15)

The difference In iliŽ initial rectal tempeiature betweei) i'oncchinatized and fully acclimatized men
%Nas estmi iaed 8 to be -0.5"C :Ili hi, liven assomed to decrease exponcntnimy8 as.

AI .ziexjX -0 3N) (16)

Ja w ith p~reviouis exp.)sure to woik, in heat

exp~ i) -~2.71 84 )

*\lion th~e acd.inhitizat ion process is mit,ý%plvd, soine loss ini ac~limati~idton occuts. and Givoni estiniatea that, with

Oilch d i) of noirexercise in the heat. in oq~iisalent of 1/2 day is lo't

Thew differences betwoen nonacclitnatized and pa~itl My ucchjuatized 'AlbjCCUS US arn exponential function
ot the elevation of the equilibrium temperature above the predicted Initial levvl for acclimatized subjects at rest
I .,CO - 37.1 50C~) w:iý situdied by (ivoni and Goldman.6' 8 The empirical expression obt-tined for the change, AT ref
in tfic equilibruiu rectal temperature, beyond dhe initial diflerence isIT .12 I -VXIr 10t.150 1,. 1'e ( 17)

iI tis r days ofkwork iiithe heat, equa iion 1 7 ho'.o iUL'

Ir ad no. tic ovi. diP~f~ tenuce Cv a be mlodified hr tlh ,C1.uoiativv~ 'a pacity of tne enmiioninent, so that the total
c:;IIivc- of t\qutio'li~ 18 *1! Fe

AwrefWcl) exp)(-.ti3N) I (1. + II~ i- ;-x~i$-t.0O5 Emax)I ll

At rest, ilhe time pattern ot toe ecial teirnpervivie is torninub'ed bv6

Tre(t' rest) 't + ATre (0. 1 )0.4(t -0.5) (20)

T oi I-iai rectal icirirrerat lire,

tIe (T,~ 'ie'1

time, Ill



It should be noted that when t is allowed to approach Infinity, in equation 20, Tre(t, rest) equals Tref of
equation 12.

"The time pattern of rectal temperature during work was described 6 in the form

Tre(t, work) Trei + ATre 1 -exp IT(tdt)I (21)

where

td =initial time lag, hr

58/M

r time constant, OC/hr

2- 0.5(ATre)1 2

Duting the interval 0 < t < td, the rectal temperature response continues to tollow the resting pattern, so that

equation 20, 0 1 t <dtd

equation 21. t • t2

During recovery, 'he metabolic rate is relativel constant, and equals the resting rate (105 W). Although
the rate of recovery depends on the level of Tre reached at the end of work, the inertia of Tre may conti1oue to rise

during the initial phase of recovery. The pattern of recovery has been described 6 as

Tre(t. rtco ,,ry) Tre(W) - Tre(W ) -Tre(R) ji --exp [a ( tdrec -t 1]} 
(23)

Tre(W) = rectal temperature at the beginning of decrease, °(

Tre(R) = equilibrium resting rectal temperature, °C

= recovery time constant. hr

= 1.5 [ I-exp(- 1.5 CP)j

tdrec = recovery time lag, hr

0.25 exp(-0.iCP)

and CP is the cooling power of tle environment (see equatton 3 1).

It should be noted that Tre(W) is not necessarily equal to Tre at the end of work. since the body temperature

continues to rise, but at a lower rate than during work. It has been assumed that thts rate of rise is one-half of the

rise predicted by equation 23.6

hI the computer program, " has been modified to be equal to 0.5 + 1.5 exp 1-0,3 ATrt.l

9



D. Heart Rpte Pre#dictive Equatlavig

~vo~and(o~in~~ a1t1"Itd that (a) the equilihr~trin lbcu ratc de&vreased exponcnzially witU thedI"Oiof ofh (Ito rh cchinmitizmuý.I l )t cý,, wnd that (p) the flOrincdimati,c,t 'jeairt r~ie decreased icc~rding to the

(24)
lt.Se1 lonn th)I'S- tIl o NIcJ 1tl(,~Ua'~~~r~um hvait rate for pa it:al acwi'1;wtiz(ed .-%ibjcct~ is givvn as

~. ~ at + U N I bow (25)~

H1c qmtnlihriunt heart rato :c ;r fi)!-. iccliniatized
'ujcsduc to beart rat" iTI&X

11wl 1,-:t1l &:v to mne ac utiaU)proccSs. is given ti

.\I IN4 )1--ci.-xpj 004(HIRj HIR,-)') (26)

aIR iaitial hecarl rate. bpjiii

1 I). to., ~s culnrwpx , cd \c: it e:irt l ate indO.\- 9  I~ 1IR:

I lt s(lo v .,rn~pmo al dvi fc IftI of 111R from equution 2- as: 0~~(8

fIR 1 + AHR1I -cxp(..3 il (29)

AI if" HIZXpOtICtfht)l



During work, or other physical 3ctivity, the time pattern of the heart rate is given by9

HR(t)work P.W + AHIR {1-0.8exp[-(6-0.03AHR)t]! (30)

where

HRiw = initial heart rate at the beginning of work.

The time pattern of the decrease in the heart rate during a recovery phase depends on the effective cooling
power CP uf the environment 9 by dry heat exchange and evaporation, given by

CP = 0.1A(,o)* (44 - OaPw)- +-o,)(Ts-Ta)-l. 5 7  (31)

Therefore,

HR(t)recovery HRw-(HRw-HRf) [l-exp(-kbt)] (32)

where

HRw = heart rate at the end of the work period

HRf = equilibrium heart rate for resting at the
given climatic and clothing conditions
(by equation 28)

k 2-0.01(HRw-HRf)

b = 2 + 12 [1-exp(-0.3CP)]

III. COMPUTER PROGRAM.

A. Introduction.

The computer program for the HP-9810A programmable calculator has been written in a conversational
mode of questions and answers. The following discussion assumes that the user is familar with the operation of the
HP-9810A, the plotter, and cassette memory, using the "MATH PACK" ROM. The procedure for data entry, and
program execution is described below.

B. Data Entry.

1. Standard Data?

This progui'n has provisions lbr entering typical values for the input parameters. *1

'I

S- *



If st:andard data (yes) is to he used,
pie ss.

1: LATG then N

I[ stwidard ddtau (no) is not used.
press: (

C
N0

N

SkTi p Input I.Pý,

CFLEA G then NN
TT

ENN

If no, jpreis:

00
NN
TT

NI3

u1



b. If in Enslish uniti, enter value in the X-register and press:

then

Each parameter has an integer which corresponds to its memory-storage register location.

Thus:

Location Parameter.

10-HEIGHT, CM

I I-WEIGHT, KG

12-TOTAL SKIN AREA, SQ M

Calculated by Equation 3.

13-EFFECTIVE (EFF) SKIN AREA, SQ M

The effective skin area is the total skin area less the areas of impermeable surfaces.

• .i 14-IYiTIAL (INT) RECTAL TEMPERATURE. -C

The initial rectal temperature which has equilibrated with rest, ig.I 15--INT HEART RATE, BPM

16-SKIN TEMPERATURE, -C

Usually equilibrium skin temperature is estimated to be 36*C for a clothed, fully sweat
wetted man, and 35"C for a nude man.

17-DAYS IN HEAT

Acclimatization factor; subtract 1/2 day for each day skipped. 8

18-LOAD, KG

This is the total weight carried (clothing, equipment, etc).

19-WALK SPEED, M/S

20-% GRADE

21 -TERRAIN FACTOR

See Appendix A.

13



L~ocation Parameter.

22 -MITABOLIC (METAB) I.AD, WORK I

This is ihc metabolic load, in watts, foi the first work period, according to equation 1I If the

woik load does no! coomst of walking. ignoic items 18, 19, 20. and 21, and enter metabolic load directly.4

23 MFTAB LOAD, WORK 2

24 CLO COEFFICiENT

Use clo valoc whicii is uncorrected for air speed and metabolic load - See Appendix B.

25 IM!CLO COEiFICIENT (UNCORRECTED) - See Appendix B.

2, VFLOCITY MODIFIER.

ilke value of the exponent of equationls 5, 0. Sec Appendix C.

27 WIN!) SPEED, M/S (UNCORRECTEID)

28 D1RY 1i.l1 B TEMPERATURE, OC

I , amibienit temperature.

29 RILA FIVEi HUMIDITY

i! idatie iv' humidity of the ambient air.

'0 INITIAL REST

Time of the initial rest period in minutcs.

",.I IS'IWORK

Time of the first work period in .niwte-

3 1ST R-COVI-RY

'"1 Jline ol t IW~ t);l5 rccvi~ve., perud inl mnitoites.I

33 2N•'.ORK

34 2NDkI-,:t-tOi.AZY

35 TI-r IN FIRV.AI.. OF PR, N 111

9) OUTPUT MASK

(0 or I to indicate no or ye rescpetivelt' A 4 dipit rmunhbcr is used to select desired outputs

of calculated values.

14



I st digit = time semes of heart rate and rectal temperature?

2nd dieit = final values of intermediate equations?

3rd digit = plot of rectal temperature only?

4th digit plot of heart rate only?

For ,x•mple, if all options are desired, the output mask = 1111.

If only the plots of heart rate and rectal temperature ure desired, output mask = 0011.

4. CHANGES?

If there are any changes desired, enter the parameter number in the Y-register and the new value (metric
units only!) in the X-register, press:

FLA then

If no changes, press:

T
N

E

5. Calculated Values.

If this option of the outpLt mask is desired, the values of the following parameters will be printed for
each phase of activity:

a. WINDSPEED (UNCORRECTED), M/SEC.

b. DRY BULB TEMPERATURE, 0C.

c. % RELATIVE HUMIDITY.

d. METABOLIC RATE, WATTS - Equation 1.

e. TRE(M)- Equation 13.

f. TRE(R+C) - Equation 14.

g. TRE(E) - Equation 15.

h. TRE(F) - Equation 12.

i, TRE(F,ACCL) - Equation 19.
-:'i 15



j. I(HR) Equation 27.

k. HR(F)- Equilibrium heart rate, Equation 25.

I. E(REQ) - Equa'ion 9.

LU. E(MAX)- Equation 10.

n. WET SKIN, % - Equal to E(REQ)/E(MAX)

0. COOL!NG POWER - Equation 31.

P. CLO - Effective clo value. Equation 5.

q. IM/CLO( Effective i, 1/cIo value, Equation 6.

[. Rt.VSFT INITIAL. T(RE) AND HRI?

DRAW AXFS?

If y 1s. wit1 draw axes tbr plotting; if no, will plot oldy rectal temnralure and heart rate curves,
depending on the out put niask,

8. REPEAT SAME MAN?

IV. SUMMARY.

The mathematical basis for predicting heart rate and rectal temperature response to work, environment,

and clothing has been prcsented. In addition. a brief guide for the .ise of this computer program for the HP-9810A

programmable calculater is also discussed, complemented by a sample computer run.

16
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U. APPENDIX A

TERRAIN COEFFICIENT 07)

Soule and Goldman* give recomnmended values for q (in equation 1) for use when moderate loads of
I 0 to 40 kg are carried.

Terrain __

Treadmill 1.0

Blacktop surface 1,0

Dirt road 1.1

Light brush 1.2

""leavy bnrsh 1.5

K Swampy bog IL8

Loose sand 2.1

IS

*Soule, R. (;., and Goldman, R. F. Terrain Coefficients for Energy Cost Prediction. J. ,App. Ph'£ijT. 32, 706-708 (197?).

18



APPENDIX B

CLOTHING INSULATION AND EVAPORATIVE IMPEDANCE

A representative list of clothing insulation (clo) and evaporative impedance (im/clo) values for military

uniforms and CB ensembles have been tabulated by Goldman,* as derived from studies on a "sweating copper man."

Uniform clo im/clo

None 0.78 0.75

Coveralls, lightweight, standard cotton 1.29 0.39

Jacket and trousers (fatigues) 1.33 0.37

Old utility uniform (8.5 oz) 1.56 0.31

New utility uniform (8.2 oz) 1,40 0.34

Combat, tropical 1,43 0.34

CB overgarment, alone 1.64 0.27

SCB liner, standard 1,65 0.26

CB overgarment, over combat tropical 2.11 0.23

CB overgarment, over utility ensemble (8.2 oz) 2.97 0.22

CB overgarment, over CB liner ensemble 2.15 0.22

1/4 length plastic raincoat,over fatigues 1.45 0.28

1/2 length plastic raincoat, over fatigues 1,48 0.24

3/4 length plastic raincoat, over fatigues 1.62 0.20

Full length plastic raincoat, over faligues 1.70 0.16

Standard poncho, over fatigues. 1.83 0.11

Add for protective,mask, hood and gloves +0.25 -0.07

Add for armored vest: +0.15 -0.04

Add for protective mask, hood, gloves and +0.40 -0.11

armored vest

* Goldman, R. F. Systematic Evaluation ot' Thrmal, Aspects of Air Crew Protective Systems. AGARD Conference Proceedings

No. 25, Behavioral Problems in Aerospace M dicine, October, 1967, Rhode-Saint-Genese, Belgium.
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APPENDIX C

VELOCITY MODIFIER (,)

The velocity modifier. F, corrects clo and im/clovalues for the effective wind velocity, i.e. equations 5,6.
Ior clo values, I is negative, but is positive for im/c!o values. The magnitudc of 7 r~nges from 0.2 to 0.3 deperding
01) clotiong permeability and surfac2 chracteristics. Theoretically, if the clothing i. bight fitting'y - 0.20, otherwise,
l'oi high permeability types.,y - 0.30 (see reference 6). An average value of 0.25 will not affect the final results

dramatically unless the wind speed is unusually high.

r

20
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APPENDIX D

SAMPLE COMPUTER PRINTOUT

I. INTRODUCTION.

The following sample printout was based on a hypothetical situation of first testing a nude man and
subjecting him to a two-cycle work and ,ecovery test following an initial rest period and at specified environmental
conditions. For each test phase, the numerical results of the intermediate equat;,ý,s are printed, the axes drawn, and
the resultant time pn'f•. •.' r.ctal temperature, denoted by triangles, and heart rate (solid !ire), shown in
figure D-1. Since the output mask = I I 1t, the values of temperature Pnd heart rate at 5 minute intervals are also
printed.

It was then desired to repeat the same "man" wearing standard fatigues, but with a single work and
recovery cycle, different from the first case. The output mask has been changed to only plot the temperature and
*heart rate curves (fWgure D-2). In this run, it can be seen that both curves exceeded ihe maximum scale limits of
170 bpm and ,•0C.

I21
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r I
•-= - ............... . .I

II. THE PRINTOUTS.

19 -"WALK SPD, M/S
I .50

STANDARD DATA ? 20-- % GRADE 34- 2ND. RECOVERY
0.00 50,2 1- TERR. FACTOR 3S-5 TIME INTERVAL

. . . . .i1.0 OF PRINTOUT

S.

22- METAB. LOADSKIP INPUT LIST? WORK ),WATTS ......
367.81 99 - OUTPUT MASK

23-+ METAB, LOAD ..............

WORK 2, WAiTS 
-

READY 367.81 ENTRIES COMPLETE

- - - 24- CLO COEFF.10-* HE'IGHiT, CM 0.78
171.45------------------

- - 25 -* IM/CLO COEFF.I I- WEIGHT, KG 0.75

68.04 --------------S....... .... .... 26-1- VEI,. M ODIFIER
I 2- TOTAL. SKIN 0,25

ARE, Q 1.80 27-- WIND SPD, M/S

S... ... .. .. ... 1.50
1 3-• EFF. SKIN . . . . . . . ..

AREA, SQ M 28- DRY BULB TEMP
1.80 DEG. C

. 3 0 ,0 0
14- INT. RECTAL-------------------.

TEMP., 1)1G, C 29-+ REL. HUMIDITY
37.00 75.

15-* INT. itIART DURATION OF TIME
RATiBPM PERIODS, MINUTES

65.00
... -.. ...... 3 0- INITIAL REST

16" SKIN TEMP 60.
DEUe. C

36.00 31-i IST. WORK
. . .. . . . 60 .

17- DAYS IN HEAT .. . .. .
0.00 32- ]ST. RECOVERY

-....... -30.
18-* LOAD. KG

0.00 33- 2ND. WORK
. . .. . . . . 6 0 .
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REST WORK 1 RECOVERY 1

CHANGES? CHANGES? CHANGES?

WIND SPEED, M/S WIND SPEED, M/S WIND SPEED, M/S
1.50 1.50 1.50

DRY BULB TEMP, C DRY BULB TEMP, C DRY BULB TEMP, C
30.0 30.0 30.0

% REL. HUMIDITY % REL. HUMIDITY % REL. HUMIDITY
75. 75. 75.

METAB RATE, WATT METAB RATE, WATT METAB RATE, WATT
105. 368. 105.

TRE(M) TRE(M) TRE (M)
0.42 1.47 0.42

TRE (R+C) TRE (R+C) TRE (R+C)
-0.21 -0.24 -0.21

TRE (E) TRE (E) TRE (E)
0.10 0.25 0.10

TRE (F) TRE (F) TRE (F)
37.06 38.23 37.06

TRE (F.ACCL) TRE (F. ACCL) TRE (F. ACCL)
0.40 0.92 0.40

I (HR) I(HR) I (HR)
31.07 147.84 31.07

HR (F) HR (F) H R (F)
70. 138. 70.

E (REQ) E (REQ) E (REQ)
6. 255. 6.

E(MAX) E(MAX) E(MAX)
439. 501. 439.

% WET SKIN % WET SKIN % WET SKIN
1. 51. 1.

COOLING POWER COOLING POWER COOLING POWER
4.52 5.38 4.52

CLO CLO CLO
0.70 0.62 0.70

IM/CLO IM/CLO 1MICLO
0.83 0.95 0.83

+*+*+*+*+*+*+*+ *+*+*+*+*+*+*+*+*+*+**+*+* *+
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REST PERIOD

TIME
RECTAL TEMP
HEART RATEWORK 2 RECOVERY 2

0. *CHANGES? CHANGES? 37.01

65.WIND SPEED, M/S WIND SPEED, M/S 5.
1.50 1.50 37.02

DRY BULB TEMP, C DRY BULB TEMP, C 66.
30.0 30.0

% REL HUMIDITY % REL HUMIDITY 10.
75. 75. 37.02

METAB RATE, WATT METAB RATE, WATT 67.
368. 105.

TRE(M) TRE(M) 15.
1.47 0.42 37.03

TRE (R+C) TRE (R+C) 68.
-0.24 -0.2

TRE (E) TRE(E) 20.
0.25 0.10 37.03

TRE (F) TRE (F) 68.
38.23 37.06

TRE(F.ACCL) TRE (F. ACCL) 25.0.92 0.40 37.04
1(HR) I(HR) 69.

147.84 31.07
HR (F) HR (F) 30.

138. 70. 37.05
E(REQ) E (REQ) 69:

255. 6.E (MAX) E (MAX) 35.
501D 439. 37.05% WET SKIN % WET SKIN 69.

5 1. 1.

COOLING POWER COOLING POWER 40.5.38 4, c' 2' 37.06CLO CLO 69.
0.62 0.70

IM/CLO IM/CLO 45.
0.95 0.83 37.07

60.'

RESET INITIAL 50.
T (RE) AND HR ? 37.08

70.

55.
DRAW AXES ? 37.09

70.

60,
37.11

26 70.
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I

IST WORK PERIOD IST RCY PERIOD 2ND WORK FERIOD

TIME TIME TIME
RECT, .L TEMP RECTAL TEMP RECTAL TEMP
HEART RATE HEART RATE HEART RATE

0. 0. 0.
37.11 38.61 38.03
70. 137. 70.

5. 5. 5.
37.12 38.53 37.96
99. 90. 99.

10. 10. 10.
37.16 38.40 37.93

110. 76. 110.

15. 15. 15.
37.40 38.29 38.11

118. 72. 118.

20. 20. 20.
37.62 .38.19 38.25

123. 71. 124.

25. 25. 25.
37.81 38.11 38.38

128. 70. 128.

30. 30. 30.
37.97 38.03 38.49

131. 70. 131.

35. 35.
38.12 38.59

133. 133.

40. 40.
38.24 38.67

134. 134.

45. 45.
38.35 38.74

135. 135.

50. 50.
38.45 38.80

136. 136.
55. 55.

38.54 38.85137. 137.

60. 60.
38.61 38.89

137. 137.
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2ND RCY PERIOD REPEAT SAME CHANGES?
MAN?TIME 

PARAMETER NUMBERRECTAL TEMP 
32.HEARf RATE REST WAS CHANGED FROM

30.0000. CHANGES? TO
837. 

140,000
137.

5. PARAMETER NUMBER
38.78 18. CHANGES ?
90. WAS CHANGED FROM

0.00010. TO PARAMETER NUMBER
37.62 5.000 33.
76. WAS CHANGED FROM

60.000
15. COMPUTED MET Al. TO

38.,9 RATE IS NOW 0.000
72. 394.837

P.iRAMETER
20. 22 AND/OR 2.3 CHANCES ?
3g.36 MUST BE CHANGED
71. IF, APPROPIATE.

25. PARAMETER NUMBER
38.26 

34.70, CHANGES'? WAS CHANGED FROM

50.00030. TO

38 16 PARAMETER NUMBER 0.00070. 
229

WAS CHANGED FROM35. 367.808 CHANGES ?
38.08 TO70. 394.837

40. PAPMAMETER NUMBER
37.09 CHANGES? 99.
70. WAS CHANGED FROM
45. PARAMETER NUMBER TOIIi.0
37.94 31. 11.000
70. WAS CHANCED FROM

60.000
50. TO
37.89 120.000
70.
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CHANGES?

PARAMETER NUMBER
24.

WAS CHANGED FROM
0.780

TO
1.330

CHANGES?

PARAMETER NUMBER
25.

WAS CHANGED FROM
S0.750

TO
0.370

CHANGES?
WORK 1

CHANGES?

RECOVERY I

CHANGES?
RESET INITIAL
T (RE) AND HR ?

DRAW AXES ?

REST PERIOD
1ST WORK PERIOD
IST RCY PERIOD

REPEAT SAME
MAN?
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